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Slices of tissue from rat liver, kidney, or pancreas immersed in solutions of 
sodium chloride shortly after their removal from the body take up water, like 
red blood corpuscles, in weak solutions and give up water in strong solutions 
(1). The water exchange defines a linear course when plotted and water equi- 
librium  between  tissue and  solutions of sodium  chloride is a  measure of the 
osmotic pressure maintained by the tissue. Contrary to the usual assumption, 
isotonicity of liver tissue is more than twice (0.34 molar sodium chloride) as 
compared with  that of  erythrocytes (0.15  molar); and  that of kidney  (0.23 
molar) and of pancreas (0.28 molar) is somewhat less than twice. 
In a preceding publication (2) evidences was assembled to show that dense 
fibrous tissue, namely corium of the skin,  tendinous fascia of skeletal muscle, 
or wall of the aorta, when immersed in solutions of sodium chloride swells by 
hydration  and  unlike  the  parenchymatous  tissues  just  mentioned  takes  up 
water in strong as well as in weak solutions (from 0.1  to 0.6 or 0.75 molar), 
and  also  when immersed in  Ringer's  solution or  in  blood  serum.  The loose 
fibrous stroma of omentum or of thymus  does not  take  up water in  strong 
solutions of sodium chloride and is approximately isotonic with physiological 
salt solution  (0.15  molar), Ringer's solution, or blood serum. 
When solid blocks of gelatin are in cold distilled water or in dilute buffer of 
pH 4.7 (the isoelectric point of the gelatin that was used), they swell only when 
the gelatin content of the blocks is more than 10 per cent, as Kunitz (3) found; 
those  of  less  gelatin  content  actually  lose  water.  Movement  of  water  and 
hydration of gelatin is presumably the result of osomotic exchange between the 
immersion fluid and minute particles or micellae of the gelatin and is deter- 
mined by the presence of diffusible ions and soluble gelatin within the miscel- 
lae (3). 
The characteristics  of gelatin vary with the method of its preparation from col- 
lagenous tissues. The gelatin prepared as usual by the action of lime has an isoelec- 
tric point of pH 4.7, determined by electrophoresis  (Beek and Sookne (4)) whereas 
that obtained when acid  is  used (sometimes  designated  commercially  as  "pigskin 
* This study was conducted with the aid of grants from The Jane Coffin Childs Memorial 
Fund for Medical Research and The Anna Fuller Fund. 
499 500  WATER  EXCHANGE OF  COLLAGF.I~OUS TISSUES AND GELATIN" 
gelatin")  has an isoelectric  point of pH 8.  Addition  of sodium chloride  to gelatin 
after alkali preparation  diminishes  swelling  in  solutions  of varying hydrogen ion 
concentration but the gelatin takes up  water in solutions  of 1 or 2 molar sodium 
chloride  (Jordan-Lloyd and  Pleass  (5)).  The transformation of collagen  to gelatin 
alters profoundly its physical properties but  the characteristic amino acid content 
of the two appear to be the same (Dakin (6), Bergmann  and Stein (7),  Schneider 
(8)).  The properties both of collagen and  of gelatin are doubtless  altered by varia- 
tions in molecular structure. 
The aim of the present publication is to show that intake of water by corium 
of  the  skin,  by  tendon,  or by tendious  fascia of muscle  is almost identical 
with that exhibited by blocks of gelatin under similar conditions. This relation 
is significant because  (a)  the  usual  source of gelatin is the  skin or bones of 
several mammalian species, and (b) both gelatin and the collagenous tissue take 
up water by a  process of hydration,  which  though  referable to osmosis (3)~ 
causes water exchange unlike that of parenchymatous cells. 
Method 
Gelatin has been dissolved in water in varying proportions with the aid of gentle heat 
and allowed to set overnight in the refrigerator (4°C.). Blocks of gelatin about 0.5 by 10 by 
15 ram., cut by means of a razor blade, have been weighed on a torsion balance and im- 
mersed in various solutions. After an interval of 10 minutes they have been touched with 
cotton gauze several times to remove adherent water and again weighed. Water exchange 
of blocks of 20, 10, and 5 per cent gelatin is readily determined, but 3 per cent gelatin is so 
soft that it dissolves partly and crumbles when handled. The water exchange of collagenous 
tissues of the rat has been determined by the method described in earlier publications (2). 
Water Exchange of Collagenous Tissues Compared with That of Gelatin 
Water exchange of a  widely used commercial preparation of gelatin (Coig- 
net Chemical Co., Inc., gold label) has been almost the same as that of calf 
skin gelatin  (Eastman  Kodak  Co.),  with  isoelectric point  designated as pH 
4.7, and these have differed little from gelatin prepared in this laboratory from 
the skin of the white rat by prolonged treatment with saturated solution of lime 
(see method described by Sheppard (9)). Blocks of 5, 10, and 20 per cent gela- 
tin  take  up water in  all  concentrations  of  sodium  chloride  that  have  been 
,tested,  that  is, from 0.1  to  0.75  molar (Fig.  1),  and  the  quantity  of water 
taken in increases with  the  concentration of  the  gelatin.  In solutions of su- 
crose 5  per cent gelatin may lose water. Blocks of 10 per cent gelatin take up 
water in weak solutions and give up water in strong  solutions, being isotonic 
with a  solution approximately 0.4 molar. Blocks of 20 per cent gelatin take up 
water in strong as well as in weak solutions of sucrose. 
Gelatin designated as "pigskin gelatin" (Eastman Kodak Co.) with isoelec- 
tric point at pH 8.6, prepared presumably by acid extraction of skin, in concen- 
tration of 5,  10, or 20 per cent takes up water from solutions of both sodium EUGENE  L.  OPIE  AND  MARY  B. ROTHBARD  501 
chloride and of sucrose in concentrations from  0.1  to 0.75  molar and,  unlike 
alkali extracted gelatin  (Fig.  1),  draws more water from  solutions of sucrose 
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FIG. 1.  Showing movement of water in 5, 10, and 20 per cent gelatin prepared from skin 
of the white rat, when immersed  in solutions of sodium chloride or of sucrose, as compared 
with that in rat's omentum,  corinm of skin, and tendinous  fascia respectively.  Straight lines 
indicate gelatin and broken lines the tissues named.  Circles indicate water exchange in solu- 
tions of sodium chloride and squares, that in sucrose. 
than from those of sodium chloride. Another commercial gelatin of which the 
species and tissue origin is not stated exhibits similar water exchange in solu- 
tions of sodium chloride and of sucrose. 
Collagenous tissue of the rat immersed in solutions of sodium chloride or of 
sucrose exhibits a  gradation of changes similar to those observed with alkali- 502  WATER  EXCHANGE  O~'  COLLAGENOUS  TISSUES  AND  GELATIN 
extracted gelatin from the same animal. The loose fibrous tissue of the omentum 
takes up little water in solutions of sodium chloride (1) or of sucrose (Fig. 1) 
and is approximately isotonic with blood serum  (1). The denser fibrous tissue 
of the corium (2) takes up more water in all tested solutions of sodium chloride 
and gives up water in strong solutions of sucrose, being isotonic with solutions 
of sucrose between 0.3 and 0.4 molar. In these relations it resembles 10 per cent 
gelatin.  The dense fibrous tissue  of the tendinous fascia  of muscle takes up 
water in greater quantity from all the same solutions of both sodium chloride 
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FIG. 2.  Showing movement of water in calf skin  gelatin and in rat corlum immersed in 
solutions of normal hydrochloric  acid, in water, and in dilutions of normal sodium hydroxide 
having an approximate hydrogen ion concentration of range from pHI  to pH 13. The de- 
terminations were made in duplicate. 
and of sucrose and is isotonic with none (2). Later observations  have shown 
that tendon of rabbit in the same solutions is the site of the same water ex- 
change. Tendinous fascia and tendon exhibit changes which approximate those 
of 20 per cent gelatin (Fig. 1). The corresponding  sequence  of changes exhib- 
ited by collagenous tissue and by gelatin is evident, even though no quantita- 
tive relation is definable. 
The resemblance between corium of the skin and alkali extracted gelatin is 
emphasized by the movement of water within them when they are in contact 
with solutions varying widely in hydrogen ion concentration.  Water movement 
with corium and calf skin gelatin have been compared by immersing them in 
solutions prepared by dilution of normal hydrochloric acid on the one hand and 
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pH 1 to pH 13. The per cent exchange of water in the skin of the white rat has 
been compared in duplicate with that of calf skin gelatin. With scant variation 
hydrogen ion  concentration has  had  little  influence on  intake  of water  of 
corium or of gelatin between pH 4 and pH 10, whereas with stronger concentra- 
tion of acid or base, presumably causing profound change in gelatin and tissue, 
intake of water has been much increased (Fig. 2). 
It is noteworthy that dense fibrous tissue which in view of its structure seems 
little pervious to the movement of water is peculiarly adapted to absorb and 
hold it. When purified litmus is injected repeatedly into the peritoneal cavity 
of mice, as Rous (10) found, the matrix of bone, cartilage, and connective tissue, 
including that of heart valves, tendon sheaths, and blood vessels are stained 
blue, indicating that these substances have an alkalinity approximating that 
of blood serum. The reaction of liver or kidney cells is, on the contrary, within 
the acid range. The relation of the hydration of collagen to the nutrition of 
cells embedded in dense fibrous tissue is not evident. It may modify" the move- 
ment of water within the extracellular spaces of the body. 
swr~y  AND CONCtUSIONS 
Water exchange of  parenchymatous tissue,  namely liver, kidney, or pan- 
creas, occurs by osmosis, and the movement of water, as is well known, occurs 
in direct relation to  the concentration of the surrounding solution.  But the 
present  work  shows  that  the hydration of  collagenons tissues,  like that  of 
gelatin, occurs in strong as well as in weak solutions of sodium chloride. 
The water intake of collagenous tissue in solutions of sodium chloride or of 
sucrose  increases  with  increased  density of the  tissue  and  the  sequence  of 
changes is like that observed with gels of increasing gelatin content under the 
same conditions. 
Dense collagenous tissue, apparently impervious to the movement of water, 
exhibits a conspicuous ability to attract and hold it. 
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